Introduction {#S0001}
============

As the population ages, cognitive disorders, including major neurocognitive disorder (MNCD) or dementia, are becoming more common. According to a WHO report,[@CIT0001] it is one of the major conditions leading to disability and dependency among older people worldwide. It contributes 11.9% of years lived with disability.[@CIT0002] Owing to improved life expectancy globally, the number of cases is expected to escalate further.[@CIT0001] Cognitive disability impacts the person with dementia, as well as their caregivers, family, community, and society.

A diagnosis of dementia, particularly in the preclinical stages, is neither straightforward nor simple. To establish the diagnosis, an assessment will focus on an overall clinical syndrome, which includes a person's performance on cognitive tests, their behavior, ﻿and changes in everyday functioning.[@CIT0003],[@CIT0004] Cognitive evaluation plays a crucial role. In clinical diagnostic criteria[@CIT0005] and research practice, cognitive change is considered the key symptom that is observed in people with dementia.[@CIT0006],[@CIT0007] In addition, the cognitive evaluation includes assessment of a cognitive profile, which includes information about educational attainment, premorbid functioning, language knowledge, sensory impairments (especially visual impairment and deafness), and physical disabilities, which reflect a person's relative cognitive performance and their brain's functional integrity.[@CIT0008] Therefore, cognitive assessment aids in the differentiation of mild cognitive impairment (MCI) from dementia, as well as subtyping early in the course of the disease.

With the anticipated increase in research on anti-dementia drugs, the existence of updated and sensitive diagnostic tools becomes a necessity for early diagnosis.[@CIT0009] The most widely used cognitive tools include the Mini-Mental State Examination (MMSE),[@CIT0010] Montreal Cognitive Assessment (MoCA),[@CIT0011] and Clinical Dementia Rating Scale (CDR).[@CIT0012] However, these tests have their limitations. For example, MMSE gives more weight to orientation, and is barely sensitive in detecting MCI.[@CIT0013] In contrast, MoCA evaluates a wide spectrum of cognitive abilities, and hence, is more sensitive to detecting MCI;[@CIT0014] however, it has poor predictive accuracy in identifying domain-specific cognitive difficulty.[@CIT0015] Slightly more elaborate and sensitive comprehensive tools are also available, such as Addenbrooke's Cognitive Examination (ACE)[@CIT0016] and the Clinical Dementia Rating (CDR) scale.[@CIT0012] These tests are particularly advantageous in differential diagnosis, as they include additional cognitive and behavioral parameters.

The ACE and its subsequent iterations^23^ have good psychometric properties for diagnosing Alzheimer's disease and other types of dementia.[@CIT0017],[@CIT0018] The most recently developed version is ACE-III, which has been initially validated in English and in Spanish.[@CIT0019]--[@CIT0021] Its good diagnostic utility has prompted many translations into other languages. It has been found to be versatile as it helps in establishing a cognitive profile; it is also reported to have good potential to detect cognitive impairment in the early stages, which may aid in differential diagnosis.[@CIT0021] Moreover, ACE-III has also been validated in other conditions, such as brain injury, stroke, and Parkinsonism,[@CIT0018],[@CIT0022] yielding excellent diagnostic utility and helping clinicians to make more precise decisions about cognitive impairment and dementia. Several studies[@CIT0024],[@CIT0025] have shown that the cut-off values of ACE-III are influenced by socio-demographic variables, such as age,[@CIT0026] education,[@CIT0020] and language.[@CIT0027] Such factors play an important role when interpreting the suggested cut-off values as they affect the  diagnostic accuracy in diverse populations.

Hence, to avoid any type I and II errors,[@CIT0028] the present study aimed to investigate the validity of the Hindi ACE-III in detecting MCI and MNCD in a memory clinic setting, establish optimal cut-off values, and explore the impact of age and educational attainment on the performance of the ACE-III.

Methods {#S0002}
=======

A prospective cross-sectional study was conducted in which the Hindi ACE-III was validated against the Hindi MMSE. It was hypothesized that the Hindi ACE-III[@CIT0029] would be more sensitive than the conventional MMSE[@CIT0030] in detecting early cognitive decline (MCI) and MNCD in an Indian population. Our aim, therefore, was to find the optimal cut-off scores for the  Hindi ACE-III to distinguish between MCI and MNCD, and compare it with that of the Hindi Version of the MMSE (HMSE). The sample was also stratified on age and educational attainment (years of education) to study the correlations of these factors with cognitive performance ([Table 1](#T0001){ref-type="table"}). The present study was approved by the All India Institute of Medical Sciences, New Delhi, India ethical committee (IEC-667/06.09.2019). The study was conducted in accordance with the Declaration of Helsinki.Table 1Correlation Coefficients of ACE-III Test and Its Subdomains by Age and EducationAge (Years)Education (Years)*rr*ACE-III Total−0.1170.241Attention−0.0640.309Memory−0.1040.220Fluency−0.0870.009Language−0.0820.231Visuospatial−0.1200.246[^1]

Participants {#S0002-S2001}
------------

In total, 412 participants were included in this study ([Table 2](#T0002){ref-type="table"}). Written informed consent was obtained from all participants  before enrolling them in the study. This study was carried out over a span of 2 years (September 2017 to October 2019). There was a total of 438 eligible participants; of these, 26 were excluded: 18 cases either refused to participate or did not attend with a reliable informant, and eight healthy controls did not consent to participate. A reliable informant is defined as a person who has known the participant closely for at least 10 years. All participants underwent clinical testing, laboratory testing, and cognitive evaluation at the dedicated Memory Clinic of the Department of Geriatric Medicine, All India Institute of Medical Sciences, New Delhi, India. All diagnoses were made as per the existing diagnostic criteria. All participants with MCI met Petersen's 2011 criteria[@CIT0031] of 1) concern about their cognitive deficit in comparison to their previous level; 2) performance that is lower than their age- and education-matched normative; 3) no or minimal impairment in their basic and instrumental activities of daily living (ADL); and 4) not meeting DSM-V-2013 criteria[@CIT0032] for dementia. All vascular dementia diagnoses met the NINDS-AIREN[@CIT0033] criteria for probable vascular dementia, and Alzheimer's disease diagnosis was based on NIA-AA 2011 criteria.[@CIT0034] Individuals above 60 years of age, with no reported major systemic or psychiatric illness, and with a score of ≥25 on the HMSE were recruited as healthy controls (HC). They were consenting volunteers and informants who accompanied the patients to the geriatric department.Table 2Comparison of Baseline Socio-Demographic and Clinical Data, ACE-III Total and Subscores in Three Groups: HC, MCI, and MNCDVariableHC (N=222)MCI (N=70)MNCD (N=120)p~21~p~32~p~31~p~T~Age (years)^a^69.70±7.0271.01±8.1672.04±8.270.630.020.99\*Gender^b^0.8410.4270.4390.665 Females63 (28.38)19 (27.14)39 (32.50) Males159 (71.62)51 (72.86)81 (65.50)Education (years)^c^9.48±5.499.88±5.739.29±5.550.880.9990.7760.804Diabetes mellitus^b^0.3640.1780.8460.346 Yes54 (24.25)21 (30.00)37 (31.36) No166 (75.45)49 (70.00)81 (68.64)Hypertension^b^0.3040.7950.2590.496 Yes95 (42.99)35 (50.0)49 (41.53) No126 (57.01)35 (50.0)69 (58.47)Cardiovascular disease^b^\*\*0.559\* Yes22 (9.95)15 (21.43)21 (17.95) No199 (90.05)55 (78.57)96 (82.05)Alzheimer\'s disease----62 (51.66)--------Vascular dementia14 (11.66)Frontotemporal dementia16 (13.33)Others28 (23.33)HMSE25.31±5.3222.27±5.2914.52±7.31\*\*\*\*\*\*\*\*\*\*\*\*ACE-III^b^\
(100 points)77.36±17.0165.81±13.8441.53±21.33\*\*\*\*\*\*\*\*\*\*\*\*ACE-III attention^c^\
(18 points)15.51±3.4113.47±3.998.41±4.95\*\*\*\*\*\***\*\*\***\*\*\*ACE-III memory^c^\
(26 points)18.46±15.3713.47±5.657.12±6.13\*\*\*\*\*\*\*\*\*\*\*\*ACE-III fluency^c^\
(14 points)8.81±3.276.61±2.664.35±3.48\*\*\*\*\*\*\*\*\*\*\*\*ACE-III language^c^\
(26 points)22.68±4.5621.9±4.4414.76±7.030.074\*\*\*\*\*\*\*\*\*ACE-III visuospatial^c^\
(16 points)12.58±3.5110.65±3.236.94±4.16\*\*\*\*\*\*\*\*\*\*\*\*IADL-E^c^16.60±26.7922.94±30.0632.13±32.220.168\*\*\*0.068\*\*\*[^2]

The exclusion criteria for all groups were 1) delirium, 2) the presence of diagnosed major psychiatric diseases, 3) an inability to comprehend the Hindi language, 4) absence of a reliable informant, for participants in the MCI and MNCD groups only, or 5) being unable to complete the assessment. To prevent biases, the cognitive protocol was usually performed by different neuropsychologists and geriatricians, who were blinded to grouping. Moreover, to avoid any practice effect, the cognitive tests (HMSE and ACE-III) were administered sparsely within the clinical and laboratory testing schedule, which were completed within a week.

A complete baseline demographic and clinical profile was completed. A complete protocol was completed, which included the HMSE, ACE-III-Hindi, Instrumental Activities of Daily Living -- Elderly (IADL-E),[@CIT0035] Abe's Behavioral and Psychological Symptoms of Dementia (BPSD),[@CIT0036] Geriatric Depression Scale (GDS),[@CIT0037] and Kingston Standardized Behaviour Assessment (KBSA).[@CIT0038] Since the MMSE is most frequently studied and well known, we selected this test as most suitable for our algorithm. When all examinations had been completed, the clinical diagnosis was established by multidisciplinary consensus between the geriatricians and a neuropsychologist, after reviewing the clinical and cognitive profile. The clinical diagnosis was established independently, without relying on performance on the Hindi ACE-III. In total, 412 participants were finally categorized into three groups: MNCD group (n=120), MCI group (n=70), and HC group (n=222).

Instruments {#S0002-S2002}
-----------

The ACE-III is a simple, brief, paper-and-pencil-based measure of global cognitive function. It covers five cognitive domains. Each cognitive domain measures specific cognitive ability, contributing to the overall score. The scale is 100 points. Each domain carries different points, as follows: 18 points are allocated to the attention and orientation domain, 26 points to the memory domain, 14 points to the verbal fluency domain, 26 points to the language domain, and 16 points to the visuospatial domain. A higher score is interpreted as better cognitive ability. The ACE-III is available in many languages, including Tamil, Hindi, Indian English, Kannada, Telugu, Malay, Urdu, and Marathi.[@CIT0039],[@CIT0040] The cultural adaptation of ACE-III in Urdu and Hindi language was used in the present study. This test is freely available at the following website: [<https://sydney.edu.au/brain-mind/resources-for-clinicians/dementia-test.html>]{.ul}.[@CIT0029]

There are no published validation studies that used the adapted version of ACE-III in the Hindi language. A few items on the original ACE-III were modified and adapted for better suitability among the Indian population. In anterograde memory, recall, and recognition items, the address and name were replaced as per the Indian context. In the retrograde memory item, the last question was replaced as per Indian historical events, where we asked "who is the father of the nation?" In the verbal fluency item, the participants were asked to name as many words as possible starting with the Hindi alphabet letter "प" during 1 minute. In the repetition item, Hindi phrases were used. The object naming part of the domain "language" has 12 pictures, of which eight pictures were replaced considering their cultural appropriateness; these were goat, giraffe, sickle, drum, pig, umbrella, candle, and flag. Following this, the four questions on the comprehension part of the language domain were revised: "Point to the one which is used in rain", "Point to the one which emits light", "Point to the one which is associated with agricultural farming", and, "Point to the one which is found in the desert". Finally, in the reading item, participants were asked to read aloud five Hindi alphabets instead of English words.

Clinical Protocol {#S0002-S2003}
-----------------

The first component comprised a thorough clinical examination. This included a detailed patient history-taking (socio-demographics and educational background), physical examination, and evaluation of the presence of comorbidities (diabetes mellitus, hypertension, coronary artery disease, thyroid function, vitamin B~12~ deficiency, and vitamin D deficiency), if any. The second component comprised a cognitive evaluation. All patients underwent cognitive testing using the HMSE.[@CIT0030] This assesses all of the cognitive functions that are usually found to be impaired in neurocognitive disorders (orientation, memory, language, visuospatial ability, and attention). Besides the cognitive evaluation, the patients were assessed for any orbitofrontal signs, such as depression and behavioral abnormalities. These were assessed using the GDS[@CIT0037] and KSBA.[@CIT0038] Any participant with GDS score ≥8and KSBA ≥26 was considered for detailed neuropsychiatric assessment. The third component was functional evaluation, which included the assessment of everyday functionality using the IADL-E.[@CIT0035] Any participant with a score of ≥16 on Cognitive disability index (CDI) was considered to have impaired ADL functioning. After all the componential assessments, the reports were collated and discussed thoroughly by the team of the Memory Clinic to make a diagnosis. The cognitive parameter was taken as the primary variable for clinical and statistical analysis.

Statistical Analysis {#S0002-S2004}
--------------------

Data were managed on Excel spreadsheets. All statistical analysis was performed using Stata 14.0 software. Comparison of the three groups was done using one-way analysis of variance (ANOVA) and Bonferroni correction. The chi-squared test was administered to determine the statistical significance in categorical data. Skewed data were compared using the Kruskal--Wallis test followed by multiple comparisons using Dunn\'s test with Bonferroni correction. Multiple regression analysis was conducted to examine possible relationships of the socio-demographic variables and clinical variables with the total ACE-III score and subdomain scores. A *p*-value ﻿\<0.05 was accepted as significant. To determine the sensitivity and specificity at different cut-offs, receiver operating characteristics (ROC) curve analysis was applied. The area under the curve (AUC) was also estimated with sensitivity and specificity, followed by positive predictive values (PPVs) and negative predictive values (NPVs) for each optimal cut-off score. We selected the optimal cut-off, which corresponds to higher specificity and provides maximal accuracy in distinguishing dementia from HC and MCI. This method was chosen considering the aim of the study, in that the adapted tool should be able to rule in cognitive impairment, ie, the test should have higher specificity. Missing a case of cognitive impairment would be more serious than the false-positive case. Moreover, further intervention would have no adverse effects. Therefore, we selected the cut-off which corresponds to higher specificity. In addition to this, the Youden index was calculated ([Table 3](#T0003){ref-type="table"}).Table 3Cut-Off Values, Sensitivity, Specificity, AUC, and Youden Index of the ACE-III for Identifying MCI and MNCDHC vs MCIMCI vs MNCDCut-OffSensitivitySpecificityAUC (95% CI)Youden IndexCut-OffSensitivitySpecificityAUC (95% CI)Youden IndexHMSE\
(30 points)**24**76.1373.160.822\
(0.78--0.86)0.51**22**78.4281.670.861\
(0.82--0.90)0.60ACE-III\
(100 points)**71**77.9378.420.849\
(0.81--0.88)0.55**62**81.59800.884\
(0.85--0.91)0.62ACE-III attention\
(18 points)**15**71.6273.160.802\
(0.76--0.84)0.45**13**79.7976.670.847\
(0.80--0.89)0.56ACE-III memory\
(26 points)**15**72.0773.160.799\
(0.75--0.84)0.45**12**75.6878.330.840\
(0.79--0.88)0.54ACE-III fluency\
(14 points)**8**69.3776.840.794\
(0.75--0.83)0.46**7**73.6372.500.811\
(0.76--0.85)0.46ACE-III language\
(26 points)**23**70.070.00.754\
(0.70--0.80)0.42**22**75.0080.830.840\
(0.79--0.88)0.56ACE-III visuospatial\
(16 points)**11**64.4868.480.784\
(0.73--0.82)0.42**10**77.4071.670.825\
(0.78--0.87)0.49[^3]

Results {#S0003}
=======

At baseline, on demographic variables, no significant differences were seen between the MCI, MNCD, and HC groups except on age (*p*≤0.023) ([Table 2](#T0002){ref-type="table"}). On average, participants were older in the MNCD group than in the MCI or HC group. Among the three groups, which were matched for education and gender, the total scores and subscores of the Hindi ACE-III was ranked as follows: healthy control group \> MCI group \> MNCD group. All the differences were found to be statistically significant (*p*\<0.001).

The total score and the subscores of Hindi ACE-III were found to be significantly higher in the HC group than in the MCI or MNCD group (*p*\<0.0001). Statistical analyses showed significant differences between all groups in the domains of attention and orientation (*p*≤0.001), memory (*p*\<0.0001), fluency (*p*\<0.0001), language (*p*≤0.001), and visuospatial ability (*p*≤0.001) ([Table 2](#T0002){ref-type="table"}).

The ROC curve analysis suggested a cut-off score of 71 (sensitivity=76.13%, specificity=78.42%; AUC: 0.849) as the optimum to differentiate MCI from HC. On the other hand, 62 was found to be optimum cut-off for identifying cases with MNCD, with a sensitivity of 81.59% and a specificity of 80.00%, with the area under the curve (AUC: 0.884) ([Table 3](#T0003){ref-type="table"}). The Hindi ACE-III was found to have slightly more discriminating power than HMSE among both the group comparisons (HC vs MCI: 0.822; MCI vs MNCD: 0.861) ([Figure 1](#F0001){ref-type="fig"}).

Age- and education-stratified norms were also computed ([Tables 4](#T0004){ref-type="table"} and [5](#T0005){ref-type="table"}). Both variables had a significant impact on the total score and domain scores of the Hindi ACE-III ([Table 1](#T0001){ref-type="table"}). As the age bracket increased (60--69, 70--79, and ≥80 years), the Hindi ACE-III total scores decreased with constant sensitivity and specificity in distinguishing between HC and MCI \[72/100 (75.63%, 77.91%; AUC 0.843); 70/100 (75.90%, 76.92%; AUC 0.8371); 68/100 (75.00%, 82.05%; AUC 0.866)\] and between MCI and MNCD \[64/100 (79.87%, 80.39; AUC 0.896); 63/100 (79.61%, 80.00%); 55/100 (77.14%, 75.00%; AUC 0.883)\], respectively ([Table 4](#T0004){ref-type="table"}).Table 4Cut-Offs, Sensitivity, and Specificity of the ACE-III Test and Its Subdomains for Different Age Bands for MCI and MNCD GroupsAge (Years)ACE-III Total (Sensitivity/Specificity) AUCACE-III Attention (Sensitivity/Specificity) AUCACE-III Memory (Sensitivity/Specificity) AUCACE-III Fluency (Sensitivity/Specificity) AUCACE-III Language (Sensitivity/Specificity) AUCACE-III Visuospatial (Sensitivity/Specificity) AUCHMSE (Sensitivity/Specificity) AUC**HC vs MCI**60--69 (n=205)**72**\
(76.53/77.91)\
0.8438**15**\
(71.43/74.42)\
0.7987**16**\
(71.43/73.26)\
0.7851**8**\
(72.27/76.74)\
0.7902**24**\
(63.03/73.26)\
0.7347**11**\
(73.95/73.93)\
0.7793**25**\
(74.73/79.07)\
0.819770--79\
(n=148)**70**\
(75.90/76.92)\
0.8371**15**\
(72.29/73.85)\
0.7951**14**\
(73.49/73.85)\
0.8025**8**\
(68.67/73.31)\
0.8039**23**\
(67.47/73.85)\
0.7441**12**\
(68.67/69.23)\
0.7649**25**\
(73.49/75.38)\
0.8044≥80\
(n=59)**68**\
(75.0/82.05)\
0.8660**15**\
(70.0/69.23)\
0.8077**13**\
(75/76.92)\
0.7962**7**\
(70.0/71.79)\
0.7596**22**\
(75.0/74.36)\
0.8327**10**\
(75.0/69.23)\
0.8000**23**\
(75.0/76.92)\
0.8340**MCI vs MNCD**60--69 (n=205)**64**\
(79.87/80.39)\
0.8969**13**\
(79.87/76.47)\
0.8601**13**\
(74.68/72.55)\
0.8294**7**\
(75.32/74.51)\
0.8294**22**\
(77.92/78.43)\
0.8459**10**\
(77.92/70.59)\
0.8394**22**\
(79.87/80.39)\
0.865270--79\
(n=148)**64**\
(79.16/80.0)\
0.8643**14**\
(74.76/80.00)\
0.8174**12**\
(74.76/80.00)\
0.8273**7**\
(77.67/68.89)\
0.8280**22**\
(73.79/77.78)\
0.8244**11**\
(73.79/73.33)\
0.7998**22**\
(80.58/77.78)\
0.8430≥80\
(n=59)**52**\
(77.14/75.00)\
0.8839**11**\
(82.86/83.33)\
0.8565**9**\
(74.29/70.83)\
0.8351**6**\
(71.43/66.67)\
0.7196**20**\
(74.29/75.0)\
0.8435**9**\
(74.29/79.17)\
0.8214**19**\
(80.00/83.33)\
0.8762[^4] Table 5Cut-Offs, Sensitivity, and Specificity of the ACE-III Test and Its Subdomains for Different Education Bands for MCI and MNCD GroupsEducation\
( Years)ACE-III Total (Sensitivity/Specificity) AUCACE-III Attention (Sensitivity/Specificity) AUCACE-III Memory (Sensitivity/Specificity) AUCACE-III Fluency (Sensitivity/Specificity) AUCACE-III Language (Sensitivity/Specificity) AUCACE-III Visuospatial (Sensitivity/Specificity) AUCHMSE (Sensitivity/Specificity) AUC**HC vs MCI**0\
(n=67)**53**\
(74.29/75.0)\
0.8317**10**\
(74.29/75.0)\
0.8357**9**\
(68.57/62.50)\
0.7612**8**\
(71.83/65.63)\
0.7214**18**\
(74.29/65.63)\
0.7647**8**\
(74.29/78.13)\
0.8554**17**\
(74.29/75.0)\
0.80711--5\
(n=36)**63**\
(80/81.25)\
0.9141**13**\
(85.0/75)\
0.8922**11**\
(75.0/75.0)\
0.8359**8**\
(85.0/81.25)\
0.9156**20**\
(65.0/75.0)\
0.8094**10**\
(60.0/62.50)\
0.7594**22**\
(90.0/87.50)\
0.94066--9\
(n=63)**69**\
(77.14/75.0)\
0.8750**15**\
(80.0/75.0)\
0.8026**14**\
(74.29/75.0)\
0.8245**7**\
(74.29/67.71)\
0.8143**24**\
(71.43/78.57)\
0.8179**12**\
(77.14/82.14)\
0.8781**24**\
(77.14/75)\
0.8531≥10\
(n= 246)**74**\
(78.79/79.82)\
0.8643**16**\
(78.03/70.18)\
0.8101**17**\
(71.97/75.44)\
0.8057**8**\
(68.18/76.32)\
0.7453**24**\
(67.42/71.93)\
0.7453**12**\
(73.48/65.79)\
0.7650**26**\
(75/76.32)\
0.8247**MCI vs MNCD**0\
(n=67)**43**\
(80.98/80)\
0.9021**8**\
(80.0/80.0)\
0.8734**7**\
(80.85/80)\
0.8468**7**\
(72.34/70.0)\
0.8011**17**\
(74.74/65.0)\
0.8378**7**\
(85.11/75.0)\
0.8926**15**\
(78.72/75.0)\
0.85961--5\
(n=36)**56**\
(86.96/84.62)\
0.9548**13**\
(78.26/76.92)\
0.8997**9**\
(78.2676.92)\
0.8813**8**\
(82.16/92.13)\
0.9164**21**\
(82.16/84.62)\
0.9214**9**\
(73.19/69.23)\
0.7893**22**\
(82.61/92.31)\
0.93986--9\
(n=63)**63**\
(84.44/83.33)\
0.8827**14**\
(82.22/83.33)\
0.8778**12**\
(82.22/77.78)\
0.8326**7**\
(71.11/72.22)\
0.8222**23**\
(73.33/77.78)\
0.8469**11**\
(75.58/83.33)\
0.8679**21**\
(86.67/83.33)\
0.8914≥10\
(n= 246)**68**\
(81.92/78.26)\
0.8909**15**\
(75.71/78.26)\
0.8439**14**\
(73.45/76.88)\
0.8378**7**\
(73.45/69.57)\
0.7935**23**\
(75.71/84.06)\
0.7935**11**\
(76.27/75.36)\
0.8249**24**\
(78.53/78.26)\
0.8598[^5]

For the education variable ([Tables 1](#T0001){ref-type="table"} and [5](#T0005){ref-type="table"}), there were four educational categories (0, 1--5, 6--9, and ≥10 years), and a significant difference in Hindi ACE-III score was seen with increasing years of education. For HC vs MCI, the optimal score increased from 53 to 74 following the educational categories, while for MCI vs MNCD, the optimal cut-off for 0 years of education category was 43, followed by 56, 63, and 68 for 1--5, 6--9, and ≥10 years, respectively. Figure 1ROC curve of the Addenbrooke's Cognitive Examination III (Hindi version) and Hindi Mental State Examination (HMSE): (A) mild cognitive impariment; (B) major neurocognitive disorder.

Discussion {#S0004}
==========

Timely and early diagnosis of MNCD or dementia has been recognized as being key in the improvement of dementia services, and is supported by clinical guidelines and national dementia strategies around the globe. Early identification of such cognitive changes facilitates timely psychosocial interventions, which have the potential to improve the quality of life of a person with dementia and their caregivers.[@CIT0041]

As per the reported literature,[@CIT0039] cognition assessment plays a crucial role in screening and detecting MNCD. It adds further evidence to the clinical assessment and investigations. Therefore, brief and precise cognitive tests that can reliably tap cognitive changes over time are essential for use in cognitive and dementia clinics. A number of validated cognitive scales and tests is used in general practice. One of the widely used scales is the MMSE, which has established ability to distinguish dementia from cognitive healthy controls.[@CIT0010] However, the MMSE has drawbacks in that it lacks the potential to detect early cognitive changes (MCI) and to screen multiple cognitive domains.[@CIT0013] Other rating scales, such as the CDR and the Rowland Universal Dementia Assessment Scale (RUDAS), have failed to be used widely for detecting early changes (MCI) because of their complexity, lack of sensitivity/specificity in comparison to the ACE-III, and/or the effects of other demographic causes such as educational ability, language, hearing ability, and culture.[@CIT0042]

Therefore, the aims of the present study were to evaluate the validity of the Hindi version of the ACE-III scale and to study the effects of age and education on identifying the MCI and dementia groups.

The Hindi ACE-III was found to be a slightly more sensitive (76.13%) and specific (78.42%) test to distinguish between HC and MCI (AUC: 0.849) and between MCI and MNCD (81.59%, 80.00%; AUC: 0.884) in this Hindi-speaking sample than the HMSE (AUC: 0.822; 0.861) ([Table 3](#T0003){ref-type="table"}). This result is consistent with previous studies.[@CIT0016],[@CIT0024] The optimal cut-off points for identifying MCI from HC, and MNCD from MCI were 71 and 62, respectively, which were found to be lower than the established cut-off values of the original ACE-III[@CIT0019] and ACE-R.[@CIT0016] Similarly, in Spanish[@CIT0020] and Thai,[@CIT0043] an identical lower cut-off values was reported. There are also studies in other languages, such as Chinese,[@CIT0044] Cantonese,[@CIT0045] and Korean,[@CIT0046] where lower cut-offs were reported. Such effects can be attributed to socio-demographic factors, as extensively supported by neuropsychological batteries.[@CIT0047] Similar trends can also be seen in the  present study. Our findings ([Table 1](#T0001){ref-type="table"}) showed that age was inversely correlated while years of education was positively correlated with ACE-III score performance. Such a trend was also evident in other studies.[@CIT0020],[@CIT0026],[@CIT0048] Another similar study[@CIT0049] showed that in a younger age group (60--69 years) with higher educational attainment (\>10 years of schooling), the majority of the population scored above 80 on the ACE-III. In contrast, a completely opposite trend was seen with the cut-off value below 80.[@CIT0024],[@CIT0026],[@CIT0043]

Thus, level of educational attainment has been observed to have a substantial effect on cognitive performance. The presence of items dependent on the level of education or literacy, such as the use of irregular words, phonemic verbal fluency, tasks, and constructional abilities, consequently affect the cognitive report.

In comparison to the HMSE, the Hindi ACE-III was found to be more sensitive in distinguishing MNCD from HC. In the present study, the AUC (0.884) of the Hindi ACE-III was slightly higher than that of the HMSE (0.861). Similar findings were reported in other languages as well.[@CIT0026],[@CIT0043] In addition, the subdomains of ACE-III cover more cognitive abilities than the HMSE, which makes it more advantageous in detecting underlying cognitive difficulties in dementia and its other subtypes, such as frontotemporal dementia. The high sensitivity and specificity obtained in the present study and other studies[@CIT0019],[@CIT0026] further reinforce its usefulness.

Similarly to the Japanese[@CIT0022] and Thai[@CIT0041] versions of ACE-III, this study showed adequate diagnostic accuracies of the Hindi ACE-III in discriminating MCI from HC (AUC: 0.994) compared to other validation studies of ACE-R.[@CIT0044] However, upon further scrutiny, an effect of education was evident. With increasing educational level, the cut-off varies ([Table 5](#T0005){ref-type="table"}). Such a trend can be seen in different studies as well. In Chinese^44^ and Japanese^22^ research, the study population had more than 10 years of education, with lower scores on ACE-III evaluation, while in the Korean^46^ study, the opposite was found. With less than 10 years of education, the AUC (0.697), sensitivity (67%), and specificity (65%) of ACE-R were much lower than in the present study (sensitivity 81.92%, specificity 78.26%; AUC0.890). Such studies show effects of age and years of education on the performance of ACE-III. Nonetheless, the AUC value of ACE-III was still larger than that of the HMSE, indicating its better diagnostic accuracy.

There are some drawbacks in this study. First, the patients with MNCD were not divided into different groups (such as Alzheimer\'s disease, vascular dementia, or frontotemporal dementia). Such subtyping is only possible, if radiological and detailed neuropsychological investigations of all the MNCD participants have been completed. Owing to extensive patient load, the scarcity of neuropsychologists in India, and the lack of rigorous training, such a protocol was not found to be feasible at the tertiary care hospital. Previous studies reported that ACE-III could discriminate between different causes of dementia.[@CIT0046],[@CIT0050] Thus, the current findings are limited to institutional referrals and may not be pertinent for community-based populations. Third, normative data for different age and educational brackets were used in this study; however, the sample size was too small in each educational and age bracket to make any affirmative claims. Further studies on the Hindi ACE-III should be conducted in other populations with lower educational background. Finally, other than MMSE, the Hindi ACE-III should be validated against other cognitive screening tests, such as the Montreal Cognitive Assessment, CDR, and RUDAS, which are more comprehensive. However, we did not use any of these tests as we found that they  either involve subjectivity, or require extensive training, or lack cultural appropriateness to be used in Hindi-speaking populations. Hence, the HMSE was seen as an apt test for use in the present study.

Conclusion {#S0005}
==========

The Hindi ACE-III is a widely used cognitive test, which has reasonable capacity to detect early cognitive changes. Unlike other screening tests, it provides a brief robust multi-component cognitive profile. Currently, in addition to the English version, this test has been adapted and validated in other Asian languages (Chinese, Thai, Japanese, and Malay). It has been demonstrated that the ACE-III has significant correlations with age and education, which will eventually help in yielding an optimal cut-off for and in detecting true cases. Similar results were found in the current study. Lower cut-offs yielded more sensitive scores in the north Indian Hindi-speaking population, which were found to be of good clinical utility in the memory clinic setting.
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[^1]: **Abbreviations:** ACE-III, Addenbrooke's Cognitive Examination III; *r*, correlation coefficient.

[^2]: **Notes:** Values are mean±SD or n (%). p~21~, comparison between MCI and HC groups; p~32~, comparison between MNCD and MCI groups; p~31~, comparison between MNCD and HC groups; p~T~, comparison between the three groups. \**p*\<0.05; \*\*\**p*≤0.001. ^a^ANOVA and Bonferroni correction; ^b^*Χ*^2^ analysis; ^c^Dunn\'s test.

    **Abbreviations:** HC, healthy controls; MCI, mild cognitive impairment; MNCD, major neurocognitive disorder; ACE-III, Addenbrooke's Cognitive Examination III; IADL-E, Instrumental Activities of Daily Living -- Elderly.

[^3]: **Note:** Cut-off values are shown in bold.

    **Abbreviations:** HC, healthy controls; MCI, mild cognitive impairment; MNCD, major neurocognitive disorder; ACE-III, Addenbrooke's Cognitive Examination III; AUC, area under the curve; CI, confidence interval.

[^4]: **Note:** Cut-off values are shown in bold.

    **Abbreviations:** MCI, mild cognitive impairment; MNCD, major neurocognitive disorder; ACE-III, Addenbrooke's Cognitive Examination III; AUC, area under the curve.

[^5]: **Note:** Cut-off values are shown in bold.

    **Abbreviations:** MCI, mild cognitive impairment; MNCD, major neurocognitive disorder; ACE-III, Addenbrooke's Cognitive Examination III; AUC, area under the curve.
